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1 

L •invention conc«rn« un ppoc4d5 de fabrication de r^eietancea electriquea 
sous forsc do coucboe aincss const itu£oc d'oxydo do D6tal; olXe ccncome egale- 
■•nt Xes r^sistanosa allea^eAaa qui dana la auito de cet expoa^ seront denoiuieea 
'*r4alstaDces en couohea aincea"* 

On connait d^ja differenta procedea de fabrication de r^aiatanoea en 
coucbea atncea^ la coucbe de aateriau reeiatant ^tant appliquee, soit par Eva- 
poration, Bolt par palv^rlaation cathodique» but un aubstrat foroE par un aateriau 
iaolant, Le d^veloppeeeni de la tecbniquo dea clrculta int^gr^a et, en particu- 
Ller, de celXe dea clrculta hjrbrldea, a crii le beaoin preaaant de dlapoaer de 
•resistances en coucbes alnces de trea falblea dlaenalons et pr^aentant une r<8l»- 
;anos Elevtfe par carr6. Lea proe^d^s connoa ne pemettent pas la fabrication de 
iss r^slstancea. Lea condlilona devant regir un proc^d^ de fabrication de ce 
Esnxe de r4aiatancea px^aentant par oarr^ une re«latanoa elev^e ou trea SXevSe, 
tout d*une part le baut de«^ de reproduotiblllt^ en ce qui conceme la vaXeur 
Ls r^aistanoe, et d 'autre part la poaalblXlt^ de foumlr dea realatancea prSaen- 
iant une tr^e grande atabUitE Xoraqu'eXlea aont aoualsea pendant longteapa a 
'Influence de teapE^atureseXevEes soua dea condltlona favoriaant 1 'o^datlon. 

L 'Invention Indique un proc^d^ r^pondant a cea condltiona et penettant 
a fabrloatlon de r^aistanoea en alnces couobea pr^aentant par oarrS une r^aia- 
SAoe eXeT^s ou trfts 6lmr4m, 

On connait le proc^dS de fabrloatlon de rEaiatemcea en alncee coucbea 
ulvant XequeX une coucbe de a^taX, par exeapXe un aXXlage de nlckeX et de cbroae, 
at appXiqutfe par evaporation aur un aubatrat fora^ par un aateriau leoXant* Afln 
■obtealr que de telXes r^aiataacea aolent aolna aujettea A variation loraqu'eXXea 
wit soualaea a X'lnfXuoaoe de 1 'air, elXea aublsaent "une atabiliaation'*. Cctto 
ptfratlon conalete en une oxydatlon auperf loielXe, de aorte que la counbe a^tal- 
Ique propreaent dlte de aatiriau reaiatant eat recouverte d*une coucbe d'oxyde 
B a^taX. La r^aiatanoe par carr^ de ce genre de realatancea dont le corpa de 
iterlau resistant eat un alnoe flXa de a^taX, eat reXatlveaent faible, de aorte 
I'ellea n'entrent paa en ligne de ooapte pour fitre appliqueea dana certaina cir- 
litB integree, par exeaple lea clrculta aonolltbiquee hybi..dea et lee circulta 
rbridea, aff octant la forae de coucbea alncee* 

Or, 1 'invention oonceme un procede pex«ettant la fabrication de re- 
Latanoes en coucbea alnces trda atablea, preaentant par cari^ une reaiet^nce 
Lev<e ou trSa eiev^e et oonvenant particuliSroaent bien pour fitre utiliaee dana 
le oircQlta integrea prScitea. 

L 'invention conceme un procedOf suivant lequel un eubstrat, foroe par 
I aateriau electriquement iaolant, est muni d'une coucbe de metal que 1 'on sou- 
it ensulte a 1 'influence d'une atnospbere oxydantey et eat principal em en ; carac- 
irlsee en ce que 1 'on depose succeesivement plueieure couches de m^tal dont 
lacune est ozydee separeoent et quasi entiereoent . 
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»* pa; . . i J, 
C: c sdta;ii ccnvcnar: pc;;r 1 *a; pi icat ion cee ^O'lrrep a -"yvoer, Ttr^pt 
par exexplfe -n ll^.e de coaipte le chroaie, le tanxaljeet le ooZytiene. Les a^.ia^es 
de niciiel .e chrcme conviezment pariiculieiemen: bien, par exesple le Ni.crcme, 
5 (605t de Hi, de Cr), le Chromel, \^0% Hi, 10^ de Cr) et I'lnconel, v76^ de 

fi, 1516 le 9* de Fe ) . 

L'.:r/iatloa le la coucbe de m^tal appliqaee peat avoir lieu de diff^- 
rentes manier-;s en soi conr.ues* Lcrs:;ue 1 *evapcratioc le la c\:ache a lieu ians 
una enceinte sous vide» on peut y introduire de 1 'cxygene ou de 1 'air loreque la- 
10 dite application par ^Taporation a pria fin, Dane la pratique, la quantity do 
gat coDteaant de I'ozygene'et adaiee oana l'enceinte> est dosSe* Durar.t 1 'oxyda*- 
tion^ la tenperature de la couche de o6tal est alora pratiquement egale a celle 
du Bubstrat pendant le processua d 'application par evaporation. L'ox^dation peut 
jgaleaent avoir lieu dana une enceinte a^par^e, blen que cela ne eoit g^neralement 
13 pAB recoaiBandable pour certainea considerations pratiques. II eat egalement pos- 
sible de procSder d^ja a 1 'oxidation poslant 1 'application par Ivaporation du m^tal 
an introdulsant da I'ozygdfne dans 1 'enceinte ad hoc * Bans ce caa, la press ion de 
1 'ojcygene ne doit pas dtre ^lev^e, et peut attelndre par exeaple 10~^ d 5.10*^ 
torrai s*il n'en ^tait pas ainsly le cours de 1 'Evaporation pourrait 8tre pertur- 
20 bE par une oxydation du atfial provenant da la source d 'Evaporation. Avec les 
prassiona d'ojgrgene utiliaablea, 11 ne se produit gEnEraleaent qu*une ozydation 
partlelle de la couche da aEtal pendant 1 'Evaporation. Dans le caa ou 1 'ozyda- 
tion se produit au coara da 1 'evaporation, il faut effectuer 1 'oxydation pratique- 
aent ooaplete de la couche en une operation sEparEe* Une ozydation partielle 
23 effectuEe au cours do 1 'Evaporation, a coame avantage do produiro dea resiatanoes 
en couche since dont la coapoaition prEaonte un haut degrE d'hoaogenEitE. Ceci 
peut 6tre particul iereaent reaarque lore de la fabrication de rEaietancea en 
couohea trie ainces prEaentant par carrE une valeur Electrique tree elevEe, a 
aavoir jusqu'a 5OO k-^ 
30 La noabre do oouchas & appliquer 1 'une aur 1 'autre dEpeud de la valeur 

dEairCe pour la rEsiatance par carrE* Cette rEeistance diainue loreque le noabre 
do couches augaente. La valour de la resistance par carrE de la couche finalement 
obtenue eat dEterainEe par I'Epaiaseur de celle-ci, et non paa par le noabre 
d'Atapea ayant donnE lieu a sa foraation. Par la aise en oeuvre du precede con- 
33 forae a 1 'invention, on a pu fabriquer des reeistancea en couches aincee prEaen- 
tant par carrE des valeurs Electriquea tree diffErentesi cea valeure etaient 
coaprisee entre ^ et 5-0 kA« 

Lea rEsistances en couches mincee, fabriquees a l*aide du procEde ccn- 
foroe a 1 'Invention, peuvent eurtout etre utiles d'une part dane dea circuits 
40 intEgrEs et, en particulier, dana des circuits aonolithiquee hybrides, c'eel-a- 
dire dee circulte dont lea elEaents actifo sont IncorporEs dans le ccrpe eeai- 
ccnducteur, c;rcuita dane lesquels au moina une resietance sous forme de couche 



•lace eet appliquff BEuyitte^ couche leolante - par exeople one couche d*ozyde - 4 
Bur ie corpa seai-oonduclvux^f et d 'autre part da&a des circuits hybridos en fone 
dft coucbe* niAceSy c 'e8t-4-Hli.re dea circuits dans leequelB sont appliqu^^i entre 
autrea, dea realatancea et dea condenaataura en for«a da couchea nincea aur on 
3 aabatrat laolant ou porteur. 

La deacriptiun ci-aprea, en ae r^ferant au deaBiiii le tout donn^ ^ 
titre d'ezefflple noo liaitatlf, fera bien coaprendre coament 1 'invention peut fitre 
r^alia^et lea particularit4a qui reaaortent tant du texte que de la figure unique 
du desein faiaant, blcna entandu, partie do 1 'Indention. 
10 Sur cette fi^oroy una olocbe i vide (1) contient un rotor a dlaqua clr- 

oulalre (2) preaeatant dee ourerturea qui contienneni lea aubatrata k recouvrir 
par ^Taporation alnai qu'un t^aoin, solidairea du diaque. Ce t^aoin eat une plaque 
de Terra aur laquella aont depoaeea, par ^Taporatlon, dea ^lectrodea aervant I 
oeaurert au coura de 1 'pp^rationi la rSaiatcucice de la couche de aStal d^poa^e et 
13 celle de la coucbe d'oxyde forage a partie de la coucbe da a^tal. Btant donn< que 
lea couchea app}.iqujaa our las aubatrata aont toujoura identiquea & cellea du 
t^aoini on peut toujoura comialtre pendant le proceaaua la r^aiatance eleotrique 
par oarr4 dea couchea appliqu^ea aur cea aubatrata* 

La source fourciaaant le a^tal ^vapor^ eat dlapoa^e aoua le disqua (2) 
20 et conatitu^e par un fil de nichroae (3) en a^andre, diapoa^ dana un r^ceptaele 
en forae de bolte ouvert d*tui cOt^. Au-deeeua du diaque est plac^ un diapositlf 
(7) dont tfaane un rayonneaant infrarcu^e chauffant lea aubatrata et le t^aoin 2 
une temperature d 'environ 330^C« 

Loraqu'ft travera la aoupape (6) le vide a ^te pratiqu^ dana la cloche 
25 (l)f un courant ^lectrlque traverae le fil de nichroae (5). Le rotor eat anla< 
d*un aouveaent de rotatioa.et le procesbua de depdt par Evaporation coaaence 
loraque 1 'on d^place un obturateur (4) ae trouvant au-deaaua du fil (5), Aprea 
quelque teapa, la mesure de la r^aiatance Eleotrique our le teaoin peraet de 
conatater la fo mat ion d'une couche conduct rioe. Loraque la reaiatance par carre 
30 du tEaoin a atteint une valour 200 kJ^, on arrftte le dEpOt par Evaporation en 
reaet^ant 1 'obturateur (4) on face du fil de nichroae* A tiavera la aoupape (6), 
on Introduit enauite de I 'air dans la cloche juaqu'a une preaaion de 6.10"^ torre, 
de eorte que dEbute alora I'ox/dation de la couche de aEtal, Le proceaaua d'oxy- 
dsxion est auivi par la aeeure de la rEelatance aur le tEaoin. On conatate que la 
35 rEaistance au carre de ce teaoin au^ente, I'ozjdatlon Etant pratiqueaent terax- 
nEe et coaplete loraque ladite rEaistance reate conatante. 

On vide a ncuveau la cloche, une deuxieae couche de aEtal eat dEposEe 
par Evaporation, puis ojyrdEe. Cotte opEration Etant encore repetee une foie, on 
obtient ainsi aur lee substrata et aur le tEaoin, des rEaiatancea triplea en couche 
40 aince obtenuea par troia Etapea et preaentant une reaiatqnce par carre d 'environ 
200 k/U la oeaure des resistances fornieeB aur lea differents eubetrats peraet de 
constater que les resistancee par carre des composants sent pratiqueaent les 



«6aes« Lob dif f ef^C«?%mPinf erieurea a ^ 1a reproductibilit^ du proe^d^ 3 
s'aT^re done trie coiiTttnabie* SaiTftnt ce proc^d^, I'eaploi du tteoin pexwet da 
fatolquor ainal dea r^aiatancea mcoucho aluce pr^Bontant dee Taleura ^lectrlqaea 
d^teralA^aa et prdrlBiblea* 

3 IX eat poasible da fabriquar dea coachea da aat^riaa rSeiatant affec- 

tant dea dlaenaiona plas grandee et de r^allaeri a partir de cea coucbes et de 
Baalera coasuey dea r^aiatancea en coucbea aincea de diaenBiona Toulueat par 
exaapla & 1 *alde d'ua proc^d^ da d^capa^e, II eat figaleaent poBaible de dlapoaer 
dlractasent lea r^aiatanoea d^air^ea dana lea circuit a auxquela ellea aont 

10 deatinlea* &i a^iaaant da la aorte, on recourre ou on bllnde lea partiea na de- 
Taat paa Atre aunlea d'une couobei de sorte que la coucbBf fonSe au*deaaua du 
raooorreaent ou blindage, peut dtre enlev^e par la auite* 

La Btabilite dea rdalatancea en couobes aincea eat tree convenable. On 
a conatat^ que la variation de valeur ^lectrique de cea realatanoeai aouaiaea 

13 pendant 1000 heurea dana da I'alr a 173^C» ^talt inf^rleure a 2J(. 

La prSaeato inrention coaprend notaaaentt 

Dn precede da fabrication de r^aiatanoea en couches aincea auirant 
lequal un aubatratt forv< par un aat^riau eleotriqueaent iaolant» eat auni d*une 

20 couoha de a^tal que I'on aouaet enauite & 1 'influence d'une ataoaphere oxydante, 
prlnoipalaaent caractfoia^ en oe qua I'on d^poaa aucoeaaiToaent pluaieura 
couobaa da mitml dont chacone eat oiydee aepar^aant et quaai entiereaent. 
II, Dea foraee da rteliaation du precede ap^cif i^ ci-deaaua pouvant pr^aan- 

tery en out re » lea parti oulari tea BulvanteB» priaea iaol£ment ou en comblnaiaonf 

23 1. Thie ozydation partlelle d'une couche a^tallique a lieu pendant eon 

application, 

2, Cn applique aucceaalTeaent trola couchea de m^tal au aoinai qui sont 
oxydiea quael entiereaent et a^parSaent, 

3, Le a^tal deatine a 1 'application dee couches de mStal est un alllage 
30 de nickel et de chroae* 

4, L'application dea couches de a^tal a lieu par un procesaua d*6vapo- 
rution, et I'oxydation a lieu dana 1 'enceinte ad hoc, 

3, L'^paiaaeur de la couche de m^talt souaise i oxydationy est telle 
qu'aprea I'oxydation pratiqueaent coapl^te de la couchot on obtienne une couche 
33 prtfaentant une rSsiatance par carrS coapriee entre 300 et 1000 Ic^ • 



III, Une resistance en couche aincoy obtenue suivant un dee pcints precites, 

IV, Dn circuit aonolithique hybride coaportant au mcins une reels tance 
sulTant le point III, 

V, Un circuit hybride en foiae de ainces couchea i coaportant au aoins 



40 une resistance suivant le point III, 
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AB Metal oxide films having high resistances (1-500 kil ohms /square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a series of metal films 
(e.g., Ni chrome ) . Each film in the series is oxidized almost completely 
before deposition of the following one. Both the deposition and the oxidn. 
of each layer are monitored by measuring the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and leads 
already attached. For Nichrome films, the substrate temp, is SSO*. and 
deposition of a give n layer is halted when the resistance of the control 
film has decreased to 200 ki 1 ohms/ square . The air pressure in the bell jar 
is then increased to 6 x 10-4 torr and oxidn. proceeds until the resistance 
of the control stops increasing. The pressure is then reduced, and 
subsequent layers are added. An alternative method, yielding films of 
greater uniformity and higher resistivity, involves evapg. the nichrome 
(1-5) X 10-5 torr. Oxidn. can then occur to some extent while evapn. 
proceeds, but is completed only by interrupting evapn. periodically to 
allow oxidn. at higher pressures. 
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riile^blel 2535 
vL/LO 

The invention concerns a method of manufacture of electrical resistors in the form of 
thin layers consisting of metal oxide; it also concerns the resistors themselves, which will be 
called "thin-layer resistors" in this text below. 

There are already various methods known for the manufacture of thin-layer resistors, 
the resistor material layer being applied either by evaporation or by cathodic sputtering onto a 
substance made of an insulating material. The development of integrated circuit technology 
and, in particular, of hybrid circuits, created the present need of having thin-layer resistors of 
very low dimensions available and having a high resistance per square. The known methods 
do not permit the manufacture of these resistors. The conditions that must govem a method of 
manufacture of these type of resistors having a high or very high resistance per unit square are, 
on the one hand, the high degree of reproducibility with regard to the resistance value, and, on 
the other hand, die possibility of providing resistors which have a very high stability when they 
are subjected to the influence of high temperatures for a long time under conditions that 
promote oxidation. 

The invention indicates a method that satisfies these conditions and permits the 
manufacture of thin-layer resistors having a high or very high resistance per square. 

The method of production of thin-layer resistors is known, according to which a metal 
layer, for example, a nickel-chromium alloy layer is applied by evaporation onto a substrate 
formed from an insulating material. In order to ensure that such resistors are less subject to 
variations when they are exposed to air, they undergo "a stabilization". This operation 
consists in a surface oxidation so that the actual metallic layer of the resistant material is 
covered with a metal oxide layer. The resistance per square of this type of resistor, in which 
the body of the resistant material is a thin metal film, is relatively low, so that they are not 
considered to be applicable in certain integrated circuits, for example, hybrid monolithic 
circuits and hybrid circuits, which are in the thin-layer form. 
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Now, the invention is concerned with a method that permits the production of very 
stable thin-layer resistors, which have a high or very high resistance per square and are 
particularly suited to being used in the integrated circuits cited above. 

The invention concerns a method according to which a substrate, formed by an 
electrically insulating material, is equipped with a layer of metal which is then subjected to the 
influence of an oxidizmg atmosphere and is mainly characterized by the fact that several metal 
layers are deposited in succession, each of which is oxidized separately and ahnost entirely. 

A thin-layer resistor obtained by carrying out the method accordmg to the invention 
consists entirely of a metal oxide layer which has a homogeneous composition. This is 
essential for achieving high or very high resistance values per square and to obtain resistors, 
which have high stability as well as the reproducibility appropriate for resistors. 

The deposition of the thin metal layer on a substrate can take place according to a 
known method, for example, by cathodic sputtering. This deposition can be carried out very 
well by evaporation in a container in which a certain vacuum exists. The thickness of the 
metal layer is always chosen so that the metal is entirely converted to the metal oxide during 
the oxidation, which can take place either by heating in oxygen, or in an oxygen-containing 
gas, for example, air. For this purpose, the thickness of the metal layer must not be too high. 
The resistance per square of a simple metal oxide layer obtained according to this method is so 
high that a layer, which is completely oxidized, is generally not used as a thin-layer resistor. 
A triple layer obtained according to the said procedure has a resistance per square, which is 
very high in itself. The term "triple layer" means a layer resulting from the following 
successive operations: application of a metal layer by evaporation, oxidizing this completely, 
applying a second metal layer onto the metal oxide layer as obtained, oxidizing this second 
layer completely, applying a ttiird metal layer onto the metal oxide layer that is obtained, and 
oxidizmg the latter completely. Such a triple layer can be very well used as thin-layer resistor, 
especially in integrated circuits where one wishes to use resistors of very low dimensions 
having very high ohmic values. The resistance per square of such a triple layer reaches 
approxunately 200 ka at 20°C. The maximum thickness of the metal layer that can still be 
oxidized completely can be determined experimentally. This depth is tributary to various 
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factors, such as the type of metal or the metal alloy forming the layer, the temperature at which 
oxidation takes place, the duration of the oxidation process and the oxygen pressure of the gas 
in which this oxidation is performed. In practice, the thickness of the layer to be oxidized 
should be adapted to the procedure used and chosen so that the oxidation process does not 
require too long a time in comparison with the duration of the other steps of the process. The 
oxidation process can be controlled with a "monitor" as indicated in the description of a 
practical example given below. When the electrical resistance of the layer no longer increases 
during the continuation of the oxidation process, this indicates that the oxidation is complete. 
In the case where, in a container under vacuum, the "metal" used for applying a layer by 
evaporation is "nichrome", it is useful to choose the thickness of the layer so that the resistance 
of the layer, which is oxidized ahnost entirely, is between 500 and 1000 kQ per square. 

The metals suitable for application as sources to be oxidized are in order chromium, 
tantalum, molybdenum [translation uncertain because of illegibility - Translator.] The alloys 
of nickel and chromium are particularly well suited, for example, nichrome, (80% Ni, [20?] % 
Cr), chromel (90% Ni, 10% Cr) and inconel (76% Ni, 15% Cr and 9% Fe). 

The oxidation of the metal layer applied may take place in different ways in the known 
manner. When the evaporation of the layer is carried out in a container imder vacuum, oxygen 
can be introduced into it or oxygen or air can be introduced into it when the said application by 
evaporation is completed. In practice, the quantity of oxygen-containing gas is allowed to 
enter into the container and is determined. During the oxidation, the temperature of the metal 
layer is then practically equal to that of the substrate during the process of deposition by 
evaporation. The oxidation can also take place in a separate container, although this is not 
generally recommended because of certain practical considerations. It is also possible to 
proceed with the oxidation during the application of the metal by evaporation by introducing 
oxygen into the container ad hoc . In this case, the pressure of oxygen must not be high and 
may reach, for example, 10'^ to 5- 10*^ torr; if this was not so, the course of evaporation may be 
perturbed by oxidation of the metal coming from the evaporation source. With the useable 
oxidation pressures, generally only partial oxidation of the metal layer occurs during the 
evaporation. In the case where the oxidation takes place during evaporation, oxidation of the 
layer must be made complete in a separate operation. Partial oxidation, carried out during 
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evaporation, has the advantage of producing thin-layer resistors, the composition of which has 
a high degree of homogeneity. This can be noted particularly during the manufacture of 
resistors with very thin layers which have a very high electrical value per square, namely up to 
500 kQ. 

The number of layers to be applied on top of one another depends on the desired value 
for the resistance per square. This resistance decreases when the number of layers increases. 
The value of resistance per square of the layer finally obtained is determined by the thickness 
of it and not by the number of steps that gave rise to its formation. By carrying out the process 
according to the invention, one can manufacture thin-layer resistors, which have very different 
electrical values per square: these values were between 1 and 500 kQ. 

The thin-layer resistors, manufactured with the aid of the method according to the 
invention, can be especially useful on the one hand in integrated circuits, and, in particular, in 
hybrid monolithic circuits, that is, in circuits the active elements of which are incorporated into 
the semiconductor body, circuits in which at least one resistor is in the form of a thin layer 
applied on an insulating layer - for example, an oxide layer, on the body of the semiconductor 
and, on the other hand, in hybrid circuits in the form of thin layers, that is, circuits in which, 
among others, resistors and capacitors in the form of thin layers are applied on an insulating 
substrate or carrier. 

The description given below, referring to the drawing, all given as a nonlimiting 
example, will provide understanding as to how the invention can be realized, the special 
characteristics of which follow from the text as well as from the single figure naturally 
representing part of the invention. 

In this figure, a bell jar (1) containing a rotor with a circular disk (2) having openings 
which contain the substrate to be covered by evaporation, as well as a control, attached to the 
disk. This control is a glass plate on which electrodes are deposited by evaporation, which are 
used to measure, during the operation, the resistance of the deposited metal layer and that of 
the oxide layer formed from the metal layer. Given that the layers applied on the substrates 
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are always identical to those of the control, during the process, the electrical resistance per 
square of the layers applied on these substrates can be determined. 

The source providing the evaporated metal is placed on the disk (2) and consists of a 
meandering nichrome filament (5) arranged in a receptacle m the form of a box which is open 
on one side. A device (7) is placed on top of the disk, which emits infrared radiation that heats 
the substrate and the control to a temperature of approximately 350°C. 

When vacuum is applied in the bell jar (1) through the valve (6), an electrical current is 
made to pass through the nichrome filament (5). The rotor is activated into a rotary movement 
and the process of deposition by evaporation begins when a shutter (4) that is on top of the 
filament (5) is displaced. After a period of time, measurement of the electrical resistance on 
the control permits demonstration of the formation of a conducting layer. When the resistance 
per square of the control has reached a value of 200 kQ, the deposition by evaporation is 
stopped by replacing the shutter (4) across the nichrome filament. Then air is introduced into 
the bell jar through the valve (6) up to a pressure of 6- 10"^ torr, so that the oxidation of the 
metal layer begins. The oxidation process is followed by measurement of the resistance on the 
control. It is found that the resistance per square of this control increases, and the oxidation is 
completed practically and completely when the said resistance remains constant. 

The bell jar is evacuated again, a second layer of metal is deposited by evaporation and 
then oxidized. This operation is repeated once more, and thus triple thin layer resistors are 
obtained on the substrates and on the control, obtained by the three steps and having a 
resistance per square of approximately 200 kQ. The measurement of the resistors formed on 
the different substrates permits one to observe that the resistances per square of the compo- 
nents are practically the same. The differences are less than ±5%. The reproducibility of the 
procedure proves to be suitable. According to this process, the use of a control permits the 
manufacture of thin-layer resistors, which have determined and predictable electrical values. 

It is possible to manufacture layers of resistant material of larger dimensions and to 
produce, from these layers in the known manner, thin-layer resistors of desired dimensions, 
for example, with the aid of a cutting process. It is also possible to arrange the desired 
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resistors directly in the circuits to which they are intended. For this purpose, the parts that 
should not be equipped with a layer are covered or blinded, so that the layer formed above of 
the covering or blinding can be removed subsequently. 

The stability of the thin-layer resistors is very suitable. It is found that the variation of 
the electrical value of these resistors, when exposed to air at 175 °C for 1000 hours, was less 
than 2%. 

SUMMARY [PATENT CLAIMS1 : 

The present invention comprises the following: 

I - A process for the manufacture of thin-layer resistors according to which a substrate, 
formed from an electrically insulating material, is equipped with a metal layer which is then 
exposed to the influence of an oxidizing atmosphere, mainly characterized by the fact that 
several metal layers are deposited in succession, each of which is oxidized separately and 
almost entirely. 

II - Moreover, embodiments of the method specified above can present the following 
characteristics taken separately and in combination: 

1. Partial oxidation of a metal layer, taking place during its deposition. 

2. At least three metal layers are deposited in succession, which are oxidized almost 
entirely and separately. 

3. The metal intended for deposition of the metal layers is a nickel and chromium 

alloy. 

4. The deposition of the metal layers takes place by an evaporation process and the 
oxidation takes place in an ad hoc container. 
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5. The thickness of the metal layer to be oxidized is such that, after practically 
complete oxidation of the layer, a layer is obtained which has a per square resistance between 
500 and 1000 kQ. 

in - A thin-layer resistor, obtained according to the points cited above. 

IV - A hybrid monolithic circuit having at least one resistor according to point ID. 

V - A hybrid circuit in the form of thin layers, having at least one resistor according to 
point in. 




Metal oxide films haying high resistances {1-500 kilohins/square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a series of metal films 
(e.g., Nichrome) . Bac±i film in the eeri«ifl is oxidized alinost cott^Hetely 
before depjoittion of the following one. Both the d^oeition and the oxidn. 
of eacih lay^r are ntonitbred by meamirihg the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and ?.eadfi 
already attached. For Nichroma films, the substrate temp, is 350*. and 
deposition of a give n layer is halted When Uie resist^ce of the control 
film has diacreased to 200 Jclloteis/equari . The air pressure in the bell jar 
is then increased to, 6 x 10-4 torr and oicidn. proceeds until the resistance 
of the ccHxtrol stops increasing; The pres$ura is then reduced, and 
subsequent layers are added. An alternative method/ yielding films of 
greater uniformity and higher resistivity, involves evapg, the nichrome 
(1-5) X 10-5 torr. Oxidn. can then occur to soma extent while evapn. 
proceeds, but is cdtcpleted only by inteifrupting evapn- periodically to 
allow oxidn. at higher pressures. 
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